Abstract: This article deals with the energy transmission line system which feeds from solar energy at the MATLAB Simulink. So, direct voltage is considered to be converted as an alternating voltage by a 35-level inverter after the solar power plant which has the power of 110 MW produce 360 kV of direct voltage. A line which covers 240 km of distance is preferred to transmit electrical power from the A1 point to an A2 point. Due to this, the required mathematical equations are calculated with a circuit analyzing method for the line modeling in the simulation. Experiments on the model are carried out at the MATLAB Simulink after the creation of an energy transmission line. After that, when measurements are made taking into consideration the A2 node; the capacitor voltage, the transformer current, the A2 node current, and the fault current, values are given according to the converted voltage at the frequencies of 100 Hz, 80 Hz, and 50 Hz. The obtained results demonstrate the success of the proposed line system, while power is distributed with eliminated fault at a long distance at different frequencies.
INTRODUCTION
Solar power is widely considered and used in many studies [1, 2] . However, solar energy usually needs long-line transmission because most solar centers are far away from the users, i.e. consumers. The processes of series compensation are considered at long distance transmission for improving the situation of the power line [3] [4] [5] . In this research, the energy power line to be compensated is fed with a correct voltage of 360kV provided by a solar power plant with the power of 110 MW. This voltage value can be obtained by a serial connection of the voltage generated by a large number of inverters, although this is not necessary in the simulation operation. The operation of the inverter for solar-powered systems is widespread [6] [7] [8] , but at the usage of the inverter for the power transmission line, it is difficult to achieve good performance because the alternating voltages that an inverter produces can have a high harmonic distortion. Therefore, it is necessary to use an inverter with a much higher level than the multi-level inverters used up to now. For this reason, unlike in other studies [8] [9] [10] , the 35-level inverter is used to invert the direct voltage of a solar power plant to an alternating voltage for the power line. Additionally, although inverter applications are circuits for energy conversion and control of electrical machines [12] [13] [14] , the study is different from other studies because of a solar power plant with a 35-level inverter which feeds an energy transmission line. A solar-powered transmission line covering a long distance is difficult and time-consuming and expensive to test and measure when the line transmits energy and has faults. Therefore, the modeling and simulation of the line are important and necessary applications. The mains frequencies can change from country to country at the same time. So, It is important that the energy transmission line operated by producing voltage with different frequencies from a solar center, including the low-level distortion of the voltage. Thus, after the proposed system has been established, the system is simulated on a power line of 240 km that is fed by alternating voltage at the frequency of 80 Hz. When the simulation is performed, the parallel switch in Fig. 2 for the fault generation at the line is activated from time to time and a fault is generated on the line. Then, the fault current, the flux, and the magnetizing current of the transformer are observed with a multimeter block. The capacitor voltage, the MOV current and the flux of the A2 point are measured by a scope1. According to the obtained results for alternating voltage at 80 Hz, parallel resonances correspond to the 10 Hz and 110 Hz modes. The 10 Hz mode is due to a parallel resonance of the series capacitance and the shunt reactance of the line. The 110 Hz mode occurs due to the resonance effect of the shunt line capacitance and the series reactance of the transmission system. By using these two modes, faults can be eliminated. According to the obtained results for alternating voltage at 50 Hz, parallel resonances correspond to the 5 Hz and 85 Hz modes. The 5 Hz mode is due to a parallel resonance of the series capacitance and the shunt reactance of the line. The 85 Hz mode occurs due to the resonance effect of the shunt line capacitance and the series reactance of the transmission system. By using these two modes, faults can be eliminated while the inverter is producing alternating voltage at 50 Hz. Therefore, some contributions were made as a result. The power line has been tried with switching inverters in the frequency range of 50 -100 Hz since the mains frequency can vary from country to country. Direct voltage obtained from the solar power plant was transferred to alternating voltage at different frequencies. It was seen that different countries could adapt this model to the power lines because the energy at different frequencies has been successfully transmitted while eliminating faults through the power line. Distortion values on generated voltage from DC voltage in this research were quite acceptable, while the distortion of generated voltage from direct voltage was very high and unacceptable in other studies [15, 16] . Additionally, the distortion of alternating voltage feeding the inspected power line in the open loop control is below 5%, which is the acceptable level, while the distortion in the producing of DC power in some open loop control operations exceeds 5% in the power system studies [17, 18] . Although it is a difficult, expensive and time-consuming process to work on long lines, this simulated model with MATLAB Simulink measured the response of a solar-powered line in a short time and at a low cost.
POWER LINE DESIGN
In the design of electric power lines, which is powered by a solar power plant of 110 MW, is compensated at the center of the line by a capacitor representing 30 % of line reactance for raising the transmission capability at the center of the line. The line is also shunt compensated at both ends by a 165 MVAr shunt reactance (55 MVAr/phase). A metal oxide varistor (MOV) protects the series capacitor from the line. The 110 MVA, 360 kV/180 kV transformer is connected as a saturable transformer simulation block for the other end of the power line. According to the mentioned, an equivalent circuit model of the line in Fig. 1 is created and the required mathematical equations for modeling are formed with a circuit analysis method.
Equivalent Circuit Model
The power line to be modeled in MATLAB Simulink is similar to the equivalent circuit of the analysis in Fig. 1 . A big solar power plant can be created with multiple solar batteries assembling in one roof connected to a common collecting point. In Fig. 1 , the electrical voltage generated by this solar energy is represented as V S on the circuit model. R S is the resistance of the transmission line; Z S is the shunt impedance (R S , L S , C S ) of the transmission line. The impedance mathematical values are listed as Eq. (1) and Eq. (2) . ω is the angular frequency, ω = 2πf. 
V S represents the voltage obtained by the inverter from the solar power plant, Z VAr represents the parallel impedances forming the reactive power on the line for the line to be modeled. Eq. (3) shows the mathematical equality for Z VAr .
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For creating the 240 km of line, two equal RLC series are added to the line. In the simulation model, Z w is the load impedance representing the 240 km of line. Eq. (4) shows the mathematical equality for Z w.
Z A1 represents the impedance of the first part of the circuit section with respect to the A1 point. Eq. (5) and Eq. (6) give the mathematical equality of Z A1.
According to A1 point, the surrounding current equation of the first section can be written as Eq. (7) and Eq. (8) . I A1 is first section current and I A2 is second section current.
According to A2 point, the surrounding current equations for the line between the A1 and A2 points are found for the simulation model after the first line section of the surrounding current equation is formed. C g is the seriescompensated capacitance for the line. Since there is no source for the second partition, the equation is listed as Eq. (9), Eq. (10) and Eq. (11) . I TR is the third section current.
The third part of the line is the part between the A2 point and the transformer, and the third part of the mathematical model is found for the simulation model. The equation is equal to transformer voltage (V TR ) because the voltage of the transformer is active in this section.
For the line to be modeled in MATLAB Simulink, the formed equations are created in matrix form as follows. 
SIMULATION OF THE LINE TO BE COMPENSATED
In Fig. 2 , the line fed by the solar energy is created in MATLAB Simulink after the mathematical equations are formed. The simulation of the 240 km line is carried out by using the switching frequencies of 5 microseconds. When a 6-cycle fault is applied with a fault switch at the A2 node, a transient performance of this circuit is tested. Therefore, the fault is simulated by a breaker block. The times of switching can be defined in the breaker block menu.
For a better understanding of the transient behavior of this series-compensating network, a frequency analysis is realized by measuring the impedance at the A2 node. After this measurement is executed by a connecting impedance measurement block, the result is shown in Fig. 3(a) . Fig. 3(b) shows the shape of alternating voltage and harmonic distortion.
For the simulation model in , 0.001 Ω, 0.15 H. The transformers for the winding1 parameters are VTR2, LTR2, RTR2 = 180000/3 1/3 , 0.001 Ω. For a better understanding of the transient behavior of this series-compensating network, a frequency analysis is realized by measuring the impedance at the A2 node. After this measurement is executed by the connecting impedance measurement block, the result is shown in Fig. 3 . Fig. 3 (a) shows the shape of alternating voltage, while Fig. 3(b) shows harmonic distortion. Since the distortion of the two-cycle alternating voltage is measured, the number of harmonics is larger than that of a single cycle. The harmonic distortion occurring during the conversion of the DC voltage obtained from the solar power plant to the alternating voltage is 2.76%.
This power transmission line is a single-phase transmission line and because the generated alternating voltage is 80 Hz in the inverter output, the main harmonic takes the greatest value at 80 Hz. The renewable direct current voltage from the solar power plant is converted by a 35-level inverter as in Fig.  4 . To get the results in Fig. 3 , the circuit modeled in MATLAB Simulink is run for 0.4 s. After clicking on the discrete button on the simulation page, the converted voltage and harmonic distortion are obtained by selecting the FFT button from the opened page. Impedance and frequency are clicked and the phase angle and impedance values are taken for a resonance moment as in Fig. 3 . According to the impedance curves for the converted voltage from a solar power plant at 80 Hz, parallel resonances correspond to the 10 Hz and 110 Hz modes.
The 10 Hz mode is due to the parallel resonance of series capacitance and the shunt reactance of the line. The 110 Hz mode occurs due to the resonance effect of the shunt line capacitance and the series reactance of the transmission system. By using these two modes, faults can be eliminated. When a conversion of voltage obtained from renewable energy sources is made by a switching inverter circuit, it is difficult that the voltage obtained is close to the sinus. The converted voltage at a sinus shape can be achieved with 35 level inverters in this application. The peak value of 360 kV for a converted wave appears in Fig. 4 . The fault current, imaginary transformer current and transformer flux are shown in Fig. 5 when the S switch is turned on and off. When the fault is generated, the transformer flux and the imaginary current decrease by 80% and the fault current reach 800 A. After the fault, ImagT1 is 0.5 A while FluxT1 is 0.5 pu. After the simulation of the line for the alternating voltage at 80 Hz, the capacitor voltage, the current of the MOW and the current of the node A2 appear as shown in Fig.  6 .
Capacitor voltage reaches a very high value such as 40 kV and the current of the A2 node is zero from 0.04 s to1.1s, which is fault duration. After eliminating the fault, capacitor voltage decreases rapidly and becomes stable. After the fault, the flux is at the A2 point as 0.8 pu. After the line is performed for alternating voltage at the 80 Hz, parallel reactive powers are changed to 40 MVar to perform series compensation at 50 Hz. The impedance-frequency response with respect to the A2 point is shown in Fig. 7 when the line is fed with the converted voltage from a solar power plant at 50 Hz. According to the impedance curves for the converted voltage from a solar power plant at 50 Hz, parallel resonances correspond to the 5 Hz and 85 Hz modes. The 5 Hz mode is due to a parallel resonance of the series capacitance and the shunt reactance of the line. The 85 Hz mode occurs due to the resonance effect of the shunt line capacitance and the series reactance of the transmission system. By using these two modes, faults can be eliminated. At the frequency of 50 Hz, the error current in Fig. 8 is 8000 A, which is why ImagT1 and FluxT1 become zero. In Fig. 9 , after the capacitor voltage reaches 2200 V during the fault, the flux of the UA2 point is 1 pu at 0.13 seconds.
In different frequencies, some variables of the series compensated line are given in Tab. 1. Figure 10 Frequency response of the power line at the 50Hz, 80Hz and 100Hz frequencies
Capacitor voltage is at a very high value such as 25 kV and the flux of the A2 node is zero from 0.04 s to 1.1 s, which is fault duration. After eliminating the fault, capacitor voltage decreases rapidly and becomes stable. After the fault, the current flows at the A2 point as 1.2 pu.
The flux of the A2 point rises from 0.8pu to 1.2pu due to the frequency dropping from 80 Hz to 5 Hz and the reactive power dropping from 55 MVAr to 40 MVAr. In this way, the power line powered by solar energy at different frequencies is successfully serial-compensated.
At 50 Hz, 80 Hz and 100 Hz frequencies, the frequency response of the power line appears in Fig. 10 .
When the frequency of the alternating voltage obtained from solar energy changes from a frequency of 50 Hz to 100 Hz, the frequency response of the line is shifted from 85 Hz to 125 Hz due to the resonance effect of the line reactance and the parallel line capacitance of the transmission line. The impedance values at these frequencies vary from 750 Ω to 800 Ω. Therefore, while the line is fed by the voltages at different frequencies obtained from solar energy, the condition of the line can be observed. In the application of a renewable energy source with switching inverters, since the mains frequency can vary from country to country, the power line has been tried in the frequency range of 50 -100 Hz. Furthermore, the energy was then successfully transmitted with the eliminated faults through the power line.
CONCLUSION
In this article, when the fault was occurring on the transmission line of 240 km while obtaining voltage at a different frequency with the 35-level inverter from solar energy, the response of the power line at the case of compensation of this fault was investigated in the MATLAB Simulink. So, mathematical models of the power line were created and then the simulation model was tested in MATLAB Simulink.
According to the simulation results for the converted voltage from a solar power plant at 80 Hz, parallel resonances corresponded to the 10 Hz and 110 Hz modes. The 10 Hz mode was due to a parallel resonance of the series capacitance and the shunt reactance of the line. The 110 Hz mode occurred due to the resonance effect of the shunt line capacitance and the series reactance of the transmission system. It was seen that the fault current reached 1750 amperes when the fault at the line was created with the switch. The capacitor voltage was 40 kV when the current of the A2 point was zero from 0.04 s to1.1 s, at which the fault occurred. According to the simulation results for the converted voltage from a solar power plant at 50 Hz, parallel resonances corresponded to the 5 Hz and 85 Hz modes. The 5 Hz mode was due to a parallel resonance of the series capacitance and the shunt reactance of the line. The 85 Hz mode occurred due to the resonance effect of the shunt line capacitance and the series reactance of the transmission system. The energy transmission on the compensated line continued to be balanced and smooth after the fault had been fixed. The harmonic distortion of the alternating voltage generated by the inverter on the power line was 2.78% and the acceptable value is below 5%. Although it is a difficult, expensive and time-consuming process to work on long lines, this simulated model with MATLAB Simulink measures the response of a solar-powered line in a short time and at a low cost.
